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Economic games such as the Ultimatum Game (UG) and Prisoner’s Dilemma (PD) are
widely used paradigms for studying fairness and cooperation. Monetary versions of
these games involve two players splitting an arbitrary sum of money. In real life, however,
people’s propensity to engage in cooperative behavior depends on their effort and
contribution; factors that are well known to affect perceptions of fairness. We therefore
sought to explore the impact of relative monetary contributions by players in the UG
and PD. Adapted computerized UG and PD games, in which relative contributions
from each player were manipulated, were administered to 200 participants aged
18–50 years old (50% female). We found that players’ contribution had large effects
on cooperative behavior. Specifically, cooperation was greater amongst participants
when their opponent had contributed more to joint earnings. This was manifested as
higher acceptance rates and higher offers in the UG; and fewer defects in the PD
compared to when the participant contributed more. Interestingly, equal contributions
elicited the greatest sensitivity to fairness in the UG, and least frequent defection in
the PD. Acceptance rates correlated positively with anxiety and sex differences were
found in defection behavior. This study highlights the feasibility of computerized games
to assess cooperative behavior and the importance of considering cooperation within
the context of effortful contribution.
Keywords: Ultimatum Game, Prisoner’s Dilemma, fairness, cooperation, contribution, sex differences
INTRODUCTION
Economic games, such as the Ultimatum Game (UG) and Prisoner’s Dilemma (PD) have become
popular paradigms for exploring social decision-making. Indeed, the robust behavioral patterns
observed across studies suggest that the UG and PD may provide important assessment tools for
evaluating social cognition.
The UG, developed by Güth et al. (1982), involves two players who are asked to divide a
given amount of money (e.g., £10). The proposer must decide how the money should be divided,
whilst the receiver may choose to accept or reject the offer (e.g., the proposer could choose
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to keep £8 and offer the receiver £2). If the receiver accepts
the offer, both players receive the agreed amount, but if the
receiver rejects, neither receive anything. The striking finding
observed in the UG is that players do not behave according to
predictions made by classical economic theories of utility (Von
Neumann and Morgenstern, 1947). Specifically, these theories
assume that the receiver should accept any offer proposed in
order to maximize their own financial gain since the alternative
is to receive nothing. Instead, however, players show a consistent
willingness to forfeit gains by rejecting offers that are deemed to
be unfair. Previous studies suggest that at least half of receivers
reject offers below 30% (Güth et al., 1982; Rubinstein, 1982;
Thaler, 1988), a finding that has been replicated consistently,
with some variations observed in gender (Eckel and Grossman,
2001), social distance (Page et al., 2000), hypothetical vs. real
money rewards (Fantino et al., 2007; Gillis and Hettler, 2007) and
cultures (Henrich et al., 2005). Acceptance rates can differ quite
dramatically between societies, therefore any generalizing from
behavior in the games to potential social cognition deficits may
only be applicable within a particular culture.
The UG is typically played only once with each ‘opponent’
so that reciprocation cannot explain this robust behavioral
pattern. Rejection of unfair offers has therefore been attributed
to individuals’ preferences for fairness (Bolton, 1991), a desire to
punish socially unacceptable behavior (Fehr and Schmidt, 1999)
or an important adaptive mechanism which serves to maintain
social reputation and group cooperation (Nowak et al., 2000).
These accounts are not mutually exclusive.
In the PD, (Poundstone, 1992), two players can choose to
either cooperate or defect in a social exchange situation. For
example, in a monetary version of the PD, two players are asked
independently whether they would like to cooperate or defect
a given amount of money (e.g., £10). If both players choose to
cooperate, the money is divided equally between them (£5 each).
However, if player A chooses to cooperate whilst player B chooses
to defect then player B receives all of the money and player A
receives nothing. If both players choose to defect then neither
receives any money. Therefore this game highlights the conflict
between pure self-interest and mutual cooperation (Axelrod and
Hamilton, 1981). Similarly, the Dictator Game (DG) allows a
proposer or “dictator” to determine how to split a payoff with the
receiver (Kahneman et al., 1986; Forsythe et al., 1994). However,
unlike the UG, the recipient is passive and does not have a
choice whether to accept or reject the offer. The iterated PD,
which involves playing the same player repeatedly, also allows
individuals to build strategic relationships by reacting to and
punishing an opponent’s past behavior. For instance, players
can use a tit-for-tat strategy whereby a player will respond to
their opponent with, however, that opponent treated them most
recently. Players form a reciprocating strategy where mutual
cooperation in the iterated PD is usually higher than in the single
shot PD (Axelrod and Hamilton, 1981).
Ultimatum Game and PD paradigms typically use a
predetermined and often arbitrary sum of money, to which
players have made no contribution. However, in real life
settings, rewards are rarely obtained with little or no exertion.
Usually, rewards are achieved through effort and are differentially
satisfying depending on the relative effort applied and the relative
rewards gained by others (Tabibnia and Lieberman, 2007). For
example, consider that two colleagues complete a project and are
rewarded with a share of the team bonus. If the bonus is evenly
distributed between the colleagues, according to traditional UG
findings, this would be considered a fair split and both would
be satisfied with their equal share of the bonus. However, if one
colleague had completed a larger share of the work whilst the
other had exerted minimal effort, a 50/50 split might not be
deemed fair, especially by the employee who contributed the most
to the project. This more sophisticated assessment of fairness
may be more typical of many real life social scenarios than the
traditional UG and PD games. Indeed, it has been argued that
participants in a typical UG may agree on an equal split simply
because the stake is a “free gift” from the experimenter (Berger
et al., 2012). Therefore taking into account the relative effort in
relation to the reward obtained may have important implications
for understanding cooperative behavior.
Recently, several investigators using social exchange
paradigms have tried to move away from bargaining over a
“free gift” from the experimenter. One approach is to delay
the reward, with participants having to decide how to split the
waiting time between them (Berger et al., 2012). In other studies,
players had to decide how to share a “workload” such as solving
mathematical questions (Ciampaglia et al., 2014). Studies have
shown that individual contributions create “entitlements” which
play an important role in offers proposed. For example, in the
DG when people earn the right to take the role of dictator,
they give less (Hoffman et al., 1994). Similarly dictators give
less when they earn income themselves (in an academic test)
compared to when income is determined by the experimenter
(Cherry et al., 2002; Oxoby and Spraggon, 2008) or won on a
coin toss (Ruﬄe, 1998). Carr and Mellizo (2013) reported an
adapted UG where responders solve math problems to generate
an endowment whereby responder-produced endowments
increase offers while acceptance rates are higher suggesting that
cooperative behavior is driven by the source of the entitlement.
Further Cappelen et al. (2013) conducted a real-effort DG where
students in two of the world’s richest countries, Norway and
Germany, were matched directly with students in two of the
world’s poorest countries, Uganda and Tanzania who generated
money through a word entry task and found that participants
assigned greater importance to individual contributions in
their distributive choices than they did needs and nationality.
Individual contributions, and thus entitlement therefore, appear
to play a vital role in people’s distributive behavior (Hoffman
et al., 1994; Konow, 1996, 2010; Cherry et al., 2002; Frohlich
et al., 2004; Gächter and Riedl, 2006; Cappelen et al., 2007, 2010;
Oxoby and Spraggon, 2008).
However, a major drawback of the UG and PD is that they
can require a long and complex set-up with multiple players or
confederates, which involves pairing participants either in person
or more recently via the internet. In clinical trials and studies
focusing on patient populations, this may not be possible given
the logistics involved. Some studies match each player’s individual
decision with previous real player responses. However, data can
only be obtained in response to a previous player’s individual
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behavior, which may be aggressive or cooperative therefore not
allowing each player to play under the same circumstances.
Playing against a computer, however, allows the systematic
manipulation of an opponent’s behavior to enable investigation of
player behavior against different types of opponents. This allows
the assessment of punishment of uncooperative behavior and
negative reciprocity, (e.g., Fehr and Schmidt, 2006) in response
to opponent defection. We sought to explore the effects of
contribution and entitlement on reciprocity using an iterated
PD so that we could establish whether participants who had
contributed more to the pot of money were more likely to defect
compared to when the opponent contributed more and when
contributions were equal when an opponent has been aggressive
or cooperative. We therefore aimed to develop versions of these
economic tasks that are short, one player and easy to administer
on a laptop or tablet, either in a laboratory setting or at home.
Participants were not deceived in any way to believe their avatar
opponent was a real person, nor were they led to believe that
the responses of the avatar were based on previous participants’
responses. To our knowledge, there has been no empirical
exploration of the impact of relative monetary contributions and
entitlement in the UG and PD using computer avatar opponents.
The aim of this study was to evaluate how relative contribution
to the common resource, and therefore a sense of entitlement,
affects cooperative behavior. We predicted that varying levels
of contribution would shift the distribution of offers, such that
greater contribution would result in significantly less cooperative
behavior. We predicted that this would be manifested in more
rejection of offers in the UG and more defecting behavior in
the PD.
MATERIALS AND METHODS
Participants
Adapted UG and PD tasks were administered to two hundred
healthy volunteers. Half of participants were degree educated and
recruited from the Universities of Manchester and Cambridge
and the other half of participants were non-degree educated
from the wider Greater Manchester and Cambridgeshire areas.
Participants were not recruited if they had previously participated
in similar cognitive tasks within the departments. Participants
were included if they met the following criteria: 18–50 years
old; no previous or current psychiatric disorders; no first degree
relatives suffering from any psychiatric disorders; smoking less
than five cigarettes per day; drinking less than the United
Kingdom government guidelines for weekly alcohol intake (at the
time of the study – males: 3–4 units per day; females: 2–3 units
per day) and fluent in English. Participants completed the Brief
Symptom Inventory (Derogatis and Melisaratos, 1983), meeting
the criteria for Adult Non-patients. Participants were further
interviewed using the Mini International Neuropsychiatric
Interview (Sheehan et al., 1998) and were excluded if they met
the criteria for any psychiatric diagnosis.
Participants’ mean age was 26.77 years (SD = 9.81), with a
mean educational level of 14.40 years (SD = 2.01) and a mean
WTAR score was 112.18 (SD= 6.29). The sample consisted of 100
male and 100 female participants, half of whom were educated to
degree level. The overall ethnic/racial distribution of the sample
was 78.5% White (N = 157), 3.5% Afro Caribbean (N = 7), 5%
Asian-Indian (N = 10), 4.5% East-Asian (N = 9), 4.5% Mixed
(N = 9) and 4% other (N = 8).
Procedure
The UG and PD were administered as part of the EMOTICOM
neuropsychological test battery (Bland et al., 2016). This study
was approved by the University of Manchester and the University
of Cambridge Research Ethics Committees and participants
provided written informed consent after the study procedures
were explained. Participants were reimbursed for their time and
travel expenses. Participants completed the task on a touchscreen
laptop (Dell XT3) using PsychoPy software (Peirce, 2007) in
a quiet testing room. Participants’ IQ was estimated using the
Wechsler Test of Adult Reading (Wechsler, 2008) and they
completed two current mood state questionnaires, the Profile
of Mood States (POMS: Shacham, 1983) and the State subscale
of the State-Trait Anxiety Inventory (STAI: Spielberger et al.,
1970). Prior to the visit, participants completed the following
questionnaires online: Big Five Personality Inventory (John
et al., 1991), Eysenck Personality Inventory (EPQ: Eysenck
and Eysenck, 1991), the Barratt Impulsivity Scale (BIS-11:
Patton et al., 1995), the UPPS-P Impulsive Behavior Scale
(Whiteside and Lynam, 2003) and the Trait subscale of the STAI
(Spielberger et al., 1970).
Task Design
The presentation of the UG and PD was randomized across
participants.
Ultimatum Game (UG)
In the adapted UG, participants first chose an avatar to represent
them in the game. On each trial participants were paired with a
random opponent avatar and were required to complete a task
in which they could each earn money to contribute to a stake
(see Figure 1). Specifically, nine yellow ovals were presented
on the screen and participants had to select three to uncover.
If the oval turned black, participants earned £3 whereas if the
oval turned red, participants received nothing. Therefore the
value that a participant could contribute on any given trial
ranged from £3–£9. Trials were manipulated so that one of three
outcomes occurred: (1) the participant contributed more; (2) the
opponent contributed more; (3) both players contributed equally.
Participants contributed all their earnings and this money was
then combined with their opponent’s earnings (also ranging from
£3–£9). The total share (from both parties) was the same in the
different player-contribution conditions.
Next, participants were informed who would decide how the
money would be split. Participants played against 51 players; on
70% of the trials the computer opponent decided how to split the
money similarly to the classic UG, whereas on the remaining 30%
the participant decided how to split the money. If the opponent
divided the money, the participant had the choice to either accept
or reject their offer. These offers had seven levels where the
participant was offered 10, 20, 25, 30, 35, 40, or 50%. If the
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FIGURE 1 | One trial of the Ultimatum Game. First, participants had to select three ovals before receiving feedback of how much they and their computer opponent
have contributed. A screen then showed the total of their combined earnings. In this trial the computer decided how the money should be split and the participant
chose whether to accept or reject the offer. If the participant accepted, the earnings were distributed accordingly; however, if the participant rejected, neither player
received anything. Finally participants were shown feedback of how much they had received.
participant accepted the offer, both players received the allotted
amount; if they rejected the offer, neither received anything.
When the participant was allowed to choose how to split the
money, they could choose to offer their opponent 20, 30, 40, or
50%. The computer opponent was programmed to always accept
the offer although this was not made explicit to the participant.
Importantly, evidence suggests that UG behavior differs
depending on whether the stake is hypothetical or real, with
participants in hypothetical situations offering less (Fantino et al.,
2007; Gillis and Hettler, 2007). In this adapted UG, we therefore
opted to use real rewards and thus paid participants according
to their trial-averaged earnings (total amount accepted + share of
total proposed/number of trials).
Prisoner’s Dilemma (PD)
Similar to the UG, participants were first required to choose an
avatar to represent them in the game. Participants then played
nine games of an iterated PD against three opponents (27 rounds
in total). The first opponent adopted a suspicious “tit for tat”
strategy which involved the opponent defecting on the first trial
and subsequently retaliating to the participants’ choices, i.e., if
the participant had split on the previous trial, then the opponent
would split on the current trial; whereas if the participant had
stolen on the previous trial, the opponent would defect on the
current trial. The second opponent adopted a “tit for two tats”
strategy which meant that participants would have to defect
on two consecutive trials for the opponent to retaliate. The
final opponent was cooperative and always split regardless of
the participant’s behavior. These opponent strategies were not
made explicit to the participant and each participant received
the same order of opponents from suspicious to cooperative.
The task was designed in this way in order to avoid participants
beginning with a cooperative player and thus cooperating all the
way through the task. Unlike the UG, a one-shot game was not
used and instead an iterated PD was utilized in order to explore
reciprocity.
On each trial, participants were initially required to complete
a task in which they could earn money through exerting
effort to contribute to a stake (see Figure 2). This involved
pressing a button as fast as possible to fill a jar with coins.
The faster they pressed the button the more the jar would
fill. Similarly to the UG, this money was then combined with
their opponent’s earnings. This was manipulated so that one
of three outcomes occurred: (1) the participant contributed
more; (2) the opponent contributed more; (3) both players
contributed equally. The total share (from both parties) was
different in the different player-contribution conditions [i.e.,
the number of coins the opponent earned was either increased
above the players amount in the condition where opponents
contributes more (130% of players contribution) or decreased
below the player contribution where the player contributes
more (70% of players contribution)]. Next, participants were
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FIGURE 2 | One trial of the Prisoner’s Dilemma. First, participants repeatedly pressed the spacebar as fast as possible; the more presses they completed the
quicker the jar filled with coins. Participants then received feedback showing how much they and their computer opponent had contributed, and a subsequent
screen showed the total combined earnings. Then participants made the decision to split or defect this combined pot. In this trial the participant and the computer
both decided to split and so the earnings were split evenly.
given the option to cooperate “split” or defect “steal.” If
both the participant and the opponent split the money, each
received 50% of the pot; whereas if both chose to defect,
neither received any money. If the participant chose to defect
and the opponent chose to split then the participant would
receive the full amount and the opponent received nothing;
whereas if the participant chose to split but the opponent
chose to defect then the opponent would receive the full
amount and the participant received nothing. This payoff matrix
was used in order to better match the possible payoffs in
the UG.
Analysis
All statistics were computed with SPSS statistical software
(IBM SPSS Statistics Version 20.0). For the UG, receiver data
were entered into a 3 (contribution: participant contributed
more, opponent contributed more, equal contributions) × 7
(avatar offer: 10, 20, 25, 30, 35, 40, and 50%) repeated measures
analysis of variance (ANOVA). Proposer data were entered
into a 3 (contribution: participant contributed more, opponent
contributed more, equal contributions) × 4 (participant offer:
50, 40, 30, and 20%) repeated measures ANOVA. For the PD,
data were entered into a 3 (contribution: participant contributed
more, opponent contributed more, equal contributions) × 3
(avatar strategy: suspicious, tit for two tats, cooperative) repeated
measures ANOVA. For post hoc analyses, contrasts of simple
main effects were conducted using paired samples t-tests.
Pearson’s r was used to correlate behavior within and between
tasks, and with personality and mood questionnaires. Statistical
correction for multiple comparisons was applied to the latter
correlations, due to the high number of relationships tested
(0.05/n; n was determined as 24, i.e., 6 questionnaires × 4 task
variables). On all tests p < 0.05 was considered significant and
0.05< p< 0.1 a trend toward significance. With 200 participants
we had 90% power to detect differences between conditions of
d = 0.23 at P = 0.05 (two-tailed), and correlations with mood
and personality variables of r = 0.30 at P = 0.002 (two-tailed,
corrected for 24 comparisons).
RESULTS
Ultimatum Game
Offers Accepted
There was a significant main effect of avatar offer
[F(3.34,665.21) = 305.37, p < 0.001, η2p = 0.61] whereby
participants accepted only 25% of the most unequal offers (10%
of combined earnings) which increased to 99% of equal offers
(50% of combined earnings). Post hoc analyses revealed that
participant acceptance percentage increased monotonically as
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FIGURE 3 | Percentage of accepted offers by opponent offer ranging from
very unequal (10%) to equal (50%) for each contribution condition.
avatar offers increased, with all adjacent conditions differing
significantly from each other with the exception of the contrast
between 35% and 40% (see Figure 3).
There was also a significant main effect of player contribution
[F(1.59,316.51) = 111.96, p < 0.001, η2p = 0.36], with greater
participant acceptance percentage when the avatar opponent
contributed more compared with equal contribution trials
[t(199) = 10.61, p < 0.001], and compared with trials when
participants contributed more [t(199) = 12.06, p < 0.001].
Acceptance rates for equal contribution trials were significantly
higher than for trials in which participants contributed more
[t(199)= 4.79, p < 0.001].
Critically, we also observed a significant avatar
offer × contribution interaction [F(9.10,1810.14) = 12.82,
p < 0.01, η2p = 0.06]. When the avatar opponent contributed
more, participants accepted all unequal offers (<50%)
significantly more. However, participant acceptance rates
for conditions in which the participant contributed more and
when contributions were equal were similar across most levels
of offers, with significant differences (lower when participants
contributed more) only observed at offers of 20% [t(199) = 4.21,
p < 0.001] and 40% [t(199)= 6.56, p < 0.001].
To clarify this interaction further we calculated offer
sensitivity. This measure indicates the degree to which a
participant increased their inclination to accept the offer as
the amount proposed by the avatar increased. Offer sensitivity
was calculated in the middle of the range, using the formula:
Offer sensitivity = [2∗(% accepted at 40) + 1∗(% accepted at
35) − 0∗(% accepted at 30) − 1∗(% accepted at 25) − 2∗(%
accepted at 20)]/overall % accepted]. Offer sensitivity was
calculated separately for each contribution condition. There was
a significant main effect of contribution on offer sensitivity
[F(1.99,396.12) = 11.99, p < 0.01, η2p = 0.06], with significant
differences between each level of contribution [all ts(199)> 2.41,
ps < 0.01]. Equal contributions produced the largest sensitivity
(mean = 2.45, SD = 2.47), followed by the participant
FIGURE 4 | Percentage of offers proposed by participants, ranging from
equal (50%) to very unequal (20%), for each contribution condition.
contributing more (mean = 2.06, SD = 2.29), and finally the
opponent contributing more (mean= 1.66, SD= 1.87).
Offers Proposed
A main effect of participant offer [F(1.85, 367.76) = 25.41,
p < 0.001, η2p = 0.11] revealed there were more offers proposed
at the extreme (50 and 20%) than at the intermediate levels (40
and 30%). There was also a significant contribution× participant
offer interaction [F(4.47, 889.76) = 41.34, p < 0.001, η2p = 0.17].
Across the different offer levels, propensity to offer did not differ
significantly between conditions where the opponent contributed
more and contributions were equal [t(199) = 0.42, p = 0.68].
However, when participants contributed more, we observed
significantly fewer equal (50%) offers [both ts(199) > 10.40,
ps < 0.001] and significantly more unequal offers of 40% [both
ts(199) > 4.62, ps < 0.001] and 30% [both ts(199) > 6.00,
p < 0.001]. There were no significant effects of contribution
in propensity to propose highly unequal offers of 20% [all
ts(199) < 1.85, ps > 0.07] (see Figure 4).
We observed a significant negative correlation between
participant acceptance rates and generosity of proposals
(r = −0.20, p = 0.005), indicating that participants who offered
more tended to accept less often.
Prisoner’s Dilemma (PD)
Fourteen percent of participants cooperated consistently
throughout the game, always choosing to split. Similar to
the UG, there was a significant main effect of contribution
[F(1.78,354.78) = 27.85, p < 0.01, η2p = 0.12]. All three
conditions differed significantly [all ts(199) > 2.47, ps < 0.014],
with greater contributions by participants eliciting the highest
defection rates, followed by greater contributions by the
opponent, while defection rates were lowest when contributions
were equal (see Figure 5).
There was also a significant main effect of avatar opponent
strategy [F(1.87,369.57) = 12.94, p < 0.01, η2p = 0.06], with
greater defect proportions when playing against a suspicious
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FIGURE 5 | Participant defect percentage for each level of contribution and strategy.
opponent compared to a tit for two tats and a cooperative
opponent [all ts(199) > 3.94, ps < 0.001]. The opponent
strategy × contribution interaction was non-significant
[F(3.79,754.69)= 0.26, p= 0.26, η2p = 0.007)].
Since the order of contribution conditions was randomized
across participants, we were able to investigate responses in
the first round of play in order to explore the propensity
to be cooperative from the outset. We observed that 28% of
participants stole on the first round, with a significant effect
of player contributions [χ2(2) = 7.06, p = 0.03]. Participants
who had contributed more to the pot of money were more
likely to defect on the first round (40%) compared to when the
opponent contributed more (34%) and when contributions were
equal (26%).
Relationship between UG and PD
There was a significant negative correlation between PD defect
percentage and the value of offers proposed in the UG (r=−0.48,
p < 0.001): participants who stole more frequently in the PD
offered less to their opponents on the UG. However, there was
no correlation between PD defect percentage and the percentage
of UG offers accepted.
Relationship with Personality and
Demographic Characteristics
There were no significant main effects of gender on participant
acceptance rates [F(2,396) = 0.05, p = 0.95, η2p = 0.00], offer
sensitivity [F(2,396) = 0.03, p = 0.97, η2p = 0.00] or offers
proposed [F(2,396) = 1.75, p = 0.17, η2p = 0.01] in the
UG. However, in the PD we observed a significant interaction
between gender and contribution on participant defect rates
[F(2,396) = 5.17, p < 0.05, η2p = 0.03]. Females’ defect behavior
differed significantly between each level of contribution [all
ts(199) > 3.1, all ps < 0.001], effectively driving this main effect
described above. Equal contributions elicited the lowest defect
rates, with the highest defect rates when participants contributed
more. Males, however did not vary their behavior significantly
between conditions where they contributed more compared to
when the opponent contributed more [t(199) = 0.08, p = 0.94],
though defect rates in both of these conditions were significantly
higher than equal contributions [both ts(199)> 3.70, ps< 0.001]
(see Figure 6).
Overall acceptance rates in the UG correlated positively with
state anxiety (STAI State: r = 0.26, p < 0.001; POMS tension-
anxiety: r = 0.24, p < 0.001) suggesting that people experiencing
higher levels of negative affect were more likely accept their
opponent’s offer.
DISCUSSION
Economic social exchange games are widely used to study
cooperative behavior, yet two central caveats of these games is
that first, players must divide an arbitrary sum of money to
which they have not contributed and therefore may have little
investment in. However, rarely in real life is bargaining behavior
and cooperation devoid of motivating factors such as investment
and contribution. In this study we found that contribution to
the monetary stake robustly affects the propensity to engage in
cooperative behavior. Second, economic games used to study
social cognitive decision-making typically use a complex set-up
of pairing participants, which is not practical. Here we observed
behavior similar to previously reported real-time UG and PD
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FIGURE 6 | Effect of gender and contribution on PD defect rate.
therefore suggesting that games using computer avatars may be
an effective alternative to a traditional set up.
As expected, we found that UG acceptance rates increased as
avatar opponent offers become fairer (e.g., Güth et al., 1982).
As we hypothesized, contribution had a substantial effect upon
both acceptance rates and proposals. The highest acceptance rates
were evident consistently when the avatar opponent contributed
more, suggesting that people are more likely to consider an
unequal offer as fair when they have made a lower contribution.
Consistent with this, when participants acted as proposers, they
made fewer 50% offers when their own contribution was greater,
again indicating that relative contribution impacts perceptions
of fairness. We also observed that when playing the role of
the proposer, participants made more offers at the extremes,
i.e., equal (50%) and very unequal offers (20%) compared with
intermediate offers (40 and 30%). This is in line with the results of
meta-analyses, suggesting that dictators’ offers in the DG follow a
bimodal distribution, with a high concentration of purely selfish
and perfectly fair offers (Engel, 2011; Tisserand et al., 2015). This
suggests that perhaps the participants played more like a dictator
against a passive opponent as opposed to a typical proposer in
the ultimatum game that must have strategic considerations in
order to avoid the rejection of the offer. It might therefore be
interesting in future studies to manipulate an avatars acceptance
threshold in order to ascertain how it might affect players’
proposer behavior.
We observed a small (r ∼ −0.2), but significant, negative
correlation between UG receiver and proposer behavior whereby
participants who offered more also accepted fewer offers. This
replicates previous findings suggesting that a participant with
a high minimum acceptable offer will expect others to behave
similarly and therefore increase their offer (Blanco et al., 2011).
Additionally we detected a moderate (r ∼ −0.5) negative
correlation between defect rates in the PD and offers proposed
in the UG in line with previous DG studies (Dreber et al.,
2013; Capraro et al., 2014). However, despite good statistical
power, we did not identify a significant correlation between
PD and UG offer acceptance rates, suggesting that these
games may measure dissimilar underlying processes. Previous
studies have also observed a lack of correlation between UG
acceptance and PD cooperation, which has been attributed
to the PD reflecting cooperation and reciprocity, with the
UG acceptance rates reflecting assertiveness and a tendency
to avoid being dominated by the proposer (Yamagishi et al.,
2012).
We further demonstrated that acceptance rates in the
UG correlated positively with state anxiety, suggesting that
negative affect is an important factor in cooperative behavior.
Previous studies have reported that anxious traits lead to greater
cooperation (Clark et al., 2013) and individuals with anxiety
and depressive disorders are more likely to display cooperative
behavior (McClure et al., 2007) and accept significantly
more unfair offers than healthy controls (Grecucci et al.,
2013).
As expected, our PD results showed that the highest defect
rates occur when healthy volunteer participants contributed
more to the financial pot, suggesting that they feel entitled
to a larger share of the pot in this situation. However,
defect rates were also higher when the computer opponent
contributed more compared to when contributions were equal,
which seems counterintuitive. A possible explanation is that
participants may predict that their opponent is more likely
to defect in this scenario, and therefore may also choose to
defect in order to sabotage their opponent’s gains (i.e., in this
case participants would rather see both players receive nothing
than allow their opponent to take all the money; a form of
punishment behavior). Previous studies have demonstrated that
participants’ prediction of cooperation is extremely accurate
(Frank et al., 1993; Brosig, 2002) such that they are inclined to
play cooperatively against those who are expected to cooperate
and to defect against those more likely to defect (Oberholzer-Gee
et al., 2010).
We also observed that whilst overall cooperative behavior
does not differ between males and females, the manipulation
of contribution produces clear gender differences. Specifically,
females defect more frequently when they have contributed
more, whereas males’ defecting behavior is also relatively high
when the opponent has contributed more. The defect response
to predicted opponent defection hypothesized in the preceding
paragraph would therefore seem to be particularly marked in
male participants, potentially consistent with the idea that males
are more prone to “altruistic punishment” of perceived unfairness
(Singer et al., 2006). Whilst previous literature regarding gender
differences in the PD is mixed (Rapoport and Chammah,
1965; Sibley et al., 1968; Tedeschi et al., 1969; Kahn et al.,
1971; Mack et al., 1971; Dawes et al., 1977; Orbell et al.,
1994), here we demonstrate the importance of considering
contribution as a key factor influencing cooperative behavior
between the sexes. Interestingly, the genders did not differ on
our task when contributions were equal, most similar to typical
implementations of the PD.
Many studies using the UG and PD employ time consuming
and elaborate set-ups. However, we found that despite
participants being fully aware that they were playing against a
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computer opponent, the degree of cooperative behavior when
both players contributed equally was comparable to previous
studies (Güth et al., 1982; Rubinstein, 1982; Thaler, 1988).
However, some studies have found higher rejection rates for
human compared to computer avatar opponents (Blount,
1995; Knoch et al., 2006). In the PD our rates of cooperation
of 60% were slightly greater than the average figure of 47%
obtained in a meta-analysis of 130 single shot PD experiments
(Sally, 1995). Nevertheless, more recent real life studies also
show slightly greater acceptance rates: van den Assem et al.
(2011) analyzed 574 contestants’ behavior from the United
Kingdom game show “Golden Balls,” adapted from the Prisoner’s
Dilemma, finding that players cooperate on average 53% of
the time. Moreover, during piloting of the tasks we found
no significant differences between games played against the
computer opponent and games played against a confederate
human opponent. Therefore computer avatars may serve as a
suitable and more practical alternative to the traditional setup.
Indeed, it has been argued that human–computer interactions
are evolving with computers increasingly being viewed as
more human-like with autonomous interactions (Cassell
and Bickmore, 2000). Remarkably, the substantial effects of
contribution suggest that participants treat the computer avatar
as though they have exerted effort much like a human opponent.
It should be noted that we recruited relatively young participants
who are more likely to be familiar with human–computer
interactions such as gaming and the use of humanized computer
avatars. We may have seen a different pattern in an older
population.
A limitation of our findings is that money was accrued
differently in the two games; “won” in the UG and “earned” in the
PD. Recent experimental work on social preferences has shown
that people are much more willing to accept inequalities due to
effort than inequalities due to luck (Cappelen et al., 2007, 2013;
Konow, 2010). However, in neither game was the pot of money a
“free gift” from the experimenter. Evidence suggests that people
who believe economic outcomes mainly depend on effort show
less cooperative behavior whereas those who believe that other
factors not under an individual’s control determine economic
outcomes engage in more social cooperative behaviors such as
wealth redistribution and charitable donations (Rey-Biel et al.,
2011). Indeed, entitlements represent a strong motive over above
consideration for needs and nationality that may contribute to
explaining why people do not give a larger share of income to
the more needy (Cappelen et al., 2013). In addition, potential
framing of the tasks, which used phrases such as “win” and
“steal,” is an important caveat that has been shown to influence
cooperative behavior (e.g., Ellingsen et al., 2012). An interesting
future direction would be to manipulate the framing of the tasks
to ascertain how it affects cooperative behavior particularly in a
human–computer interaction.
Another possible limitation of the study is that the offers
in the UG had seven levels: 10, 20, 25, 30, 35, 40, or 50%
whereas when players take the role of dictator they only have
four offer options; 20, 30, 40, or 50%. In future versions of the
tasks it would be valuable to match the offer levels in the two
roles and to perhaps consider including opponent offers above
50%. For potential further studies, it would be interesting to
evaluate whether behavior differs if the avatar of the computer
opponent is replaced by an image of a computer screen, or
a neutral stimulus such as a gray circle. This would allow
investigation into the effect of using human-like avatars in
these economic games. Further systematic exploration assessing
human–human and human–computer interaction is needed to
establish whether cooperation with an avatar provides real insight
as to an individual’s cooperation with other human agents.
Finally, an important limitation of this study is that we have
only used two games, which by no means comprehensively
assess cooperative behavior. The PD and UG are very different
games and are likely to be manipulating different aspects
of behavior. Furthermore, in the versions we used here, the
method of accruing endowments were not matched and the
UG was played as a one shot game while the PD was repeated.
Future studies should employ additional tasks and systematically
manipulate game variables across these tasks in order to more
fully characterize the behavior we report here.
CONCLUSION
Taken together, our results demonstrate that contribution is an
important motivating factor that affects behavior in economic
social exchange games. Traditional versions of these games
involve the experimenter providing an arbitrary pot of money
that must be divided. In the versions used here, participants
either won or earned money, making either equal or unequal
contributions to the communal pot. This version of the UG
allowed us to show that perceptions of fairness depend on how
potential rewards have been accrued. Participants were more
accepting of unequal offers when they had made a smaller
contribution, and less likely to make equal offers when they
had made a larger contribution. For the PD we found that
participants were more likely to split earnings when contributions
were equal and females were more likely to defect when they
had contributed more. Males were more likely to defect either
when they had contributed more or when the opponent had and
we suggest that the latter behavior may represent anticipatory
punishment of a predicted defect by the opponent. Our findings
have important implications for understanding perceptions of
fairness and cooperative behavior in real-life situations where
people have expended effort together to achieve gains that must
then be divided.
AUTHOR CONTRIBUTIONS
Chief Investigator: RE. Principal Investigators: JR, MM, BS, and
TR. AB and TS collected and analyzed data.
FUNDING
This work was supported by the MRC under Grant
MR/J011894/1.
Frontiers in Psychology | www.frontiersin.org 9 June 2017 | Volume 8 | Article 1017
fpsyg-08-01017 June 14, 2017 Time: 17:36 # 10
Bland et al. Cooperation and Contribution
REFERENCES
Axelrod, R., and Hamilton, W. D. (1981). “The evolution of cooperation. Science
211, 1390–1396. doi: 10.1126/science.7466396
Berger, R., Rauhut, H., Prade, S., and Helbing, D. (2012). Bargaining over waiting
time in ultimatum game experiments. Soc. Sci. Res. 41, 372–379. doi: 10.1016/j.
ssresearch.2011.09.009
Blanco, M., Engelmann, D., and Normann, H. T. (2011). A within-subject analysis
of other-regarding preferences. Games Econ. Behav. 72, 321–338. doi: 10.1016/
j.geb.2010.09.008
Bland, A. R., Roiser, J. P., Mehta, M. A., Schei, T. S., Boland, H., Campbell-
Meiklejohn, D., et al. (2016). EMOTICOM: a neuropsychological test battery to
evaluate emotional, motivational and social cognition. Front. Behav. Neurosci.
10:25. doi: 10.3389/fnbeh.2016.00025
Blount, S. (1995). When social outcomes aren’t fair: the effect of causal attributions
on preferences. Organ. Behav. Hum. Decis. Process. 63, 131–144. doi: 10.1006/
obhd.1995.1068
Bolton, G. E. (1991). A comparative model of bargaining: theory and evidence. Am.
Econ. Rev. 81, 1096–1136.
Brosig, J. (2002). Identifying cooperative behavior: some experimental results in
a prisoner’s dilemma game. J. Econ. Behav. Organ. 47, 275–290. doi: 10.1016/
S0167-2681(01)00211-6
Cappelen, A. W., Hole, A. D., Sørensen, E. Ø., and Tungodden, B. (2007). The
pluralism of fairness ideals: an experimental approach. Am. Econ. Rev. 97,
818–827. doi: 10.1257/aer.97.3.818
Cappelen, A. W., Moene, K. O., Sørensen, E. Ø., and Tungodden, B. (2013). Needs
versus entitlements—an international fairness experiment. J. Eur. Econ. Assoc.
11, 574–598. doi: 10.1111/jeea.12000
Cappelen, A. W., Sørensen, E. Ø., and Tungodden, B. (2010). Responsibility
for what? fairness and individual responsibility. Eur. Econ. Rev. 54, 429–441.
doi: 10.1016/j.euroecorev.2009.08.005
Capraro, V., Jordan, J. J., and Rand, D. G. (2014). Heuristics guide the
implementation of social preferences in one-shot Prisoner’s Dilemma
experiments. Sci. Rep. 4:6790. doi: 10.1038/srep06790
Carr, M. D., and Mellizo, P. (2013). Entitlement in a Real Effort Ultimatum Game.
Boston, MA: University of Massachusetts Boston.
Cassell, J., and Bickmore, T. (2000). External manifestations of trustworthiness in
the interface. Commun. ACM 43, 50–56. doi: 10.1145/355112.355123
Cherry, T. L., Frykblom, P., and Shogren, J. F. (2002). Hardnose the dictator. Am.
Econ. Rev. 92, 1218–1221. doi: 10.1257/00028280260344740
Ciampaglia, G. L., Lozano, S., and Helbing, D. (2014). Power and fairness in a
generalized ultimatum game. PLoS ONE 9:e99039. doi: 10.1371/journal.pone.
0099039
Clark, C. B., Thorne, C. B., Hardy, S., and Cropsey, K. L. (2013). Cooperation and
depressive symptoms. J. Affect. Disord. 150, 1184–1187. doi: 10.1016/j.jad.2013.
05.011
Dawes, R. M., McTavish, J., and Shaklee, H. (1977). Behavior, communication, and
assumptions about other people’s behavior in a commons dilemma situation.
J. Pers. Soc. Psychol. 35, 1–11. doi: 10.1037/0022-3514.35.1.1
Derogatis, L. R., and Melisaratos, N. (1983). The brief symptom inventory:
an introductory report. Psychol. Med. 13, 595–605. doi: 10.1017/
S0033291700048017
Dreber, A., Ellingsen, T., Johannesson, M., and Rand, D. G. (2013). Do people care
about social context? framing effects in dictator games. Exp. Econ. 16, 349–371.
doi: 10.1007/s10683-012-9341-9
Eckel, C. C., and Grossman, P. J. (2001). Chivalry and solidarity in ultimatum
games. Econ. Inq. 39, 171–188. doi: 10.1111/j.1465-7295.2001.tb00059.x
Ellingsen, T., Johannesson, M., Mollerstrom, J., and Munkhammar, S. (2012).
Social framing effects: preferences or beliefs? Games Econ. Behav. 76, 117–130.
doi: 10.1016/j.geb.2012.05.007
Engel, C. (2011). Dictator games: a meta study. Exp. Econ. 14, 583–610.
doi: 10.1007/s10683-011-9283-7
Eysenck, and Eysenck. (1991). Eysenck Personality Questionnaire - Revised (EPQ-
R). London: Hodder & Stoughton.
Fantino, E., Gaitan, S., Kennelly, A., and Stolarz-Fantino, S. (2007). How reinforcer
type affects choice in economic games. Behav. Process. 75, 107–114. doi: 10.
1016/j.beproc.2007.02.001
Fehr, E., and Schmidt, K. M. (1999). A theory of fairness, competition, and
cooperation. Q. J. Econ. 114, 817–868. doi: 10.1162/003355399556151
Fehr, E., and Schmidt, K. M. (2006). “The economics of fairness, reciprocity
and altruism - experimental evidence and new theories,” in Handbook on the
Economics of Giving, Reciprocity and Altrusim, Vol. 1, eds S. C. Kolm and J. M.
Ythier (Amsterdam: Elsevier), 615–691. doi: 10.1016/s1574-0714(06)01008-6
Forsythe, R., Joel, L. H., Savin, N. E., and Martin, S. (1994). Fairness in simple
bargaining experiments. Games Econ. Behav. 6, 347–369. doi: 10.1006/game.
1994.1021
Frank, R. H., Gilovich, T., and Regan, D. T. (1993). Does studying economics
inhibit cooperation? J. Econ. Perspect. 7, 159–171. doi: 10.1257/jep.7.2.159
Frohlich, N., Oppenheimer, J., and Kurki, A. (2004). Modeling other-regarding
preferences and an experimental test. Public Choice 119, 91–117. doi: 10.1023/B:
PUCH.0000024169.08329.eb
Gächter, S., and Riedl, A. (2006). Dividing justly in bargaining problems with
claims. Soc. Choice Welfare 27, 571–594. doi: 10.1007/s00355-006-0141-z
Gillis, M. T., and Hettler, P. L. (2007). Hypothetical and real incentives in the
ultimatum game and andreoni’s public goods game: an experimental study.
East. Econ. J. 33, 491–510. doi: 10.2307/20642374
Grecucci, A., Giorgetta, C., Brambilla, P., Zuanon, S., Perini, L., Balestrieri, M.,
et al. (2013). Anxious ultimatums: how anxiety disorders affect socioeconomic
behaviour. Cogn. Emot. 27, 230–244. doi: 10.1080/02699931.2012.698982
Güth, W., Schmittberger, R., and Schwarze, B. (1982). An experimental analysis of
ultimatum bargaining. J. Econ. Behav. Organ. 3, 367–388. doi: 10.1016/0167-
2681(82)90011-7
Henrich, J., Boyd, R., Bowles, S., Camerer, C., Fehr, E., Gintis, H., et al. (2005). In
cross-cultural perspective: behavioral experiments in 15 small-scale societies.
Behav. Brain Sci. 28, 795–815. doi: 10.1017/S0140525X05000142
Hoffman, E., McCabe, K., Shachat, K., and Smith, V. (1994). Preferences, property
rights, and anonymity in bargaining games. Games Econ. Behav. 7, 346–380.
doi: 10.1006/game.1994.1056
John, O. P., Donahue, E. M., and Kentle, R. L. (1991). The Big Five Inventory -
Versions 4a and 54. Berkeley, CA: University of California.
Kahn, A., Hottes, J., and Davis, W. L. (1971). Cooperation and optimal responding
in the prisoner’s dilemma game: effects of sex and physical attractiveness. J. Pers.
Soc. Psychol. 17, 267–279. doi: 10.1037/h0030597
Kahneman, D. A., Knetsch, J. L., and Thaler, R. H. (1986). Fairness and the
assumption of economics. J. Bus. 59, 285–300. doi: 10.1086/296367
Knoch, D., Pascual-Leone, A., Meyer, K., Treyer, V., and Fehr, E. (2006).
Diminishing reciprocal fairness by disrupting the right prefrontal cortex.
Science 314, 829–832. doi: 10.1126/science.1129156
Konow, J. (1996). A positive theory of economic fairness. J. Econ. Behav. Organ. 31,
13–35. doi: 10.1016/S0167-2681(96)00862-1
Konow, J. (2010). Mixed feelings: theories of and evidence on giving. J. Public Econ.
94, 279–297. doi: 10.1016/j.jpubeco.2009.11.008
Mack, D., Auburn, P. N., and Knight, G. P. (1971). Sex role identification and
behavior in a reiterated Prisoner’s Dilemma game. Psychon. Sci. 24, 280–282.
doi: 10.3758/BF03329005
McClure, E. B., Parrish, J. M., Nelson, E. E., Easter, J., Thorne, J. F., Rilling,
J. K., et al. (2007). Responses to conflict and cooperation in adolescents
with anxiety and mood disorders. J. Abnorm. Child Psychol. 35, 567–577.
doi: 10.1007/s10802-007-9113-8
Nowak, M. A., Page, K. M., and Sigmund, K. (2000). Fairness versus reason in the
ultimatum game. Science 289, 1773–1775. doi: 10.1126/science.289.5485.1773
Oberholzer-Gee, F., Waldfogel, J., and White, M. W. (2010). Friend or foe?
Cooperation and learning in high-stakes games. Rev. Econ. Stat. 92, 179–187.
doi: 10.1162/rest.2009.10174
Orbell, J., Dawes, R., and Schwartz-Shea, P. (1994). Trust, social categories,
and individuals: the case of gender. Motiv. Emot. 18, 109–128. doi: 10.1007/
BF02249396
Oxoby, R. J., and Spraggon, J. (2008). Mine and yours: property rights in dictator
games. J. Econ. Behav. Organ. 65, 703–713. doi: 10.1016/j.jebo.2005.12.006
Page, K. M., Nowak, M. A., and Sigmund, K. (2000). The spatial ultimatum game.
Proc. R. Soc. Lond. B Biol. Sci. 267, 2177–2182. doi: 10.1098/rspb.2000.1266
Patton, J. H., Stanford, M. S., and Barratt, E. S. (1995). “Factor Structure of the
Barratt Impulsiveness Scale.”J. Clin. Psychol. 51, 768–774. doi: 10.1002/1097-
4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
Frontiers in Psychology | www.frontiersin.org 10 June 2017 | Volume 8 | Article 1017
fpsyg-08-01017 June 14, 2017 Time: 17:36 # 11
Bland et al. Cooperation and Contribution
Peirce, J. W. (2007). PsychoPy—Psychophysics software in python. J. Neurosci.
Methods 162, 8–13. doi: 10.1016/j.jneumeth.2006.11.017
Poundstone, W. (1992). Prisoner’s Dilemma. New York, NY: Doubleday.
Rapoport, A., and Chammah, A. M. (1965). Prisoner’s Dilemma: A Study in Conflict
and Cooperation. Ann Arbor, MI: University of Michigan Press. doi: 10.3998/
mpub.20269
Rey-Biel, P., Sheremeta, R., and Uler, N. (2011). (Bad) Luck or (Lack of) Effort?:
Comparing Social Sharing Norms between US and Europe. Orange, CA:
Chapman University.
Rubinstein, A. (1982). Perfect equilibrium in a bargaining model. Econometrica 50,
97–109. doi: 10.2307/1912531
Ruﬄe, B. J. (1998). More is better, but fair is fair: tipping in dictator and
ultimatum games. Games Econ. Behav. 23, 247–265. doi: 10.1006/game.19
97.0630
Sally, D. (1995). Conversation and cooperation in social dilemmas: a meta-
analysis of experiments from 1958 to 1992. Ration. Soc. 7, 58–92. doi: 10.1177/
1043463195007001004
Shacham, S. (1983). A shortened version of the profile of mood states. J. Pers. Assess.
47, 305–306. doi: 10.1207/s15327752jpa4703_14
Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E.,
et al. (1998). The mini-international neuropsychiatric interview (M.I.N.I.): the
development and validation of a structured diagnostic psychiatric interview for
DSM-IV and ICD-10. J. Clin. Psychiatry 20, 22–33.
Sibley, S. A., Senn, S. K., and Epanchin, A. (1968). Race and sex of adolescents and
cooperation in a mixed-motive game. Psychon. Sci. 13, 123–124. doi: 10.3758/
BF03342441
Singer, T., Seymour, B., O’Doherty, J. P., Stephan, K. E., Dolan, R. J., and Frith, C. D.
(2006). Empathic neural responses are modulated by the perceived fairness of
others. Nature 439, 466–469. doi: 10.1038/nature04271
Spielberger, C. D., Gorsuch, R. L., and Lushene, R. E. (1970). Manual for the
State-Trait Anxiety Inventory. Palo Alto, CA: Consulting psychologists press.
Tabibnia, G., and Lieberman, M. D. (2007). Fairness and cooperation are
rewarding. Ann. N. Y. Acad. Sci. 1118, 90–101. doi: 10.1196/annals.14
12.001
Tedeschi, J. T., Hiester, D. S., and Gahagan, J. P. (1969). Trust and the Prisoner’s
Dilemma game. J. Soc. Psychol. 79, 43–50. doi: 10.1080/00224545.1969.9922385
Thaler, R. H. (1988). Anomalies: the ultimatum game. J. Econ. Perspect. 2, 195–206.
doi: 10.2307/1942788
Tisserand, J. C., Cochard, F., and Le Gallo, J. (2015). Altruistic or Strategic
Considerations: A Meta-Analysis on the Ultimatum and Dictator Games.
Besançon: University in Besançon.
van den Assem, M. J., van Dolder, D., and Thaler, R. H. (2011). Split or steal?
cooperative behavior when the stakes are large. Manag. Sci. 58, 2–20. doi:
10.1287/mnsc.1110.1413
Von Neumann, J., and Morgenstern, O. (1947). The Theory of Games and Economic
Behavior. Princeton, NJ: Princeton University Press.
Wechsler, D. (2008). Wechsler Adult Intelligence Scale, 4th Edn. San Antonio, TX:
NCS Pearson.
Whiteside, S. P., and Lynam, D. R. (2003). Understanding the role of impulsivity
and externalizing psychopathology in alcohol abuse: application of the
UPPS impulsive behavior scale. Exp. Clin. Psychopharmacol. 11, 210–217.
doi: 10.1037/1064-1297.11.3.210
Yamagishi, T., Horita, Y., Mifune, N., Hashimoto, H., Li, Y., Shinada, M., et al.
(2012). Rejection of unfair offers in the ultimatum game is no evidence of strong
reciprocity. Proc. Natl. Acad, Sci. U.S.A. 109, 20364–20368. doi: 10.1073/pnas.
1212126109
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Bland, Roiser, Mehta, Schei, Sahakian, Robbins and Elliott. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
Frontiers in Psychology | www.frontiersin.org 11 June 2017 | Volume 8 | Article 1017
